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-1 - Occupancy-focused interventions can systematically reduce energy consumption especially 34 for existing buildings where installing energy efficient technologies is demanding, Oreszczyn 35 and Lowe (2010) . Therefore, the research in this area has been developed in a multi-36 disciplinary approach that integrates engineering, economics, psychology, or sociology and 37 anthropology disciplines in order to accurately predict the performance of dwellings when 38 The majority of these studies focused on occupants' behavior to control energy such as using 114 windows for lighting and thermal comfort. Other models have been developed to simulate the 115 occupants' actions based on quantitative data. However, there are little efforts that link the 116 impact of occupants' behavior on selected energy strategies while considering also the 117 economic, technological, and environmental impacts; which this research will focus on. behavior', there are: rate of space heating, space heating energy, effect of energy efficiency 220 on space heating, effect of energy bills on energy consumption, setpoint temp, dwelling 221 internal temp, Space Heating Energy Consumption, energy to carbon conversion, and energy 222 to carbon conversion factor. As indicated by the SD equations (6:10), adding these end uses 223 of household energy consumption results in the calculation of the 'Average annual household 224 energy consumption'. Multiplying 'households' by this 'average annual energy consumption 225 per household' results in the calculation of the total annual household energy consumption. 226 Table 2 shows the data driving this module. The conversion factor 'energy to carbon 227 conversion' is then used to determine carbon emissions. For the developed model, this factor 228 is assumed for the conversion of energy from electricity source only. Ideally, a factor for each 229 different fuel source should be identified separately then aggregated for all end uses of 230 energy. As the major assumptions of the 'baseline' scenario are not sufficient to achieve the UK 311 target reduction in carbon emissions, further proposals should be considered. For the 312 developed model, occupants' behavioural change is assumed as more concern from occupants 313 towards energy consumption is expected. Therefore, 'frugal' behaviour is assumed rather 314 than the 'standard' behaviour; i.e. attitude of more energy saving. This may make occupants 315 maintain a reduced internal temperature. The dwelling internal temperature is therefore set at 316 18.5ºC. With the ongoing increase in energy prices, energy bills will be assumed higher by 317 5% over the 'baseline' scenario values. The household energy efficiency is assumed similar 318 to the 'baseline' scenario. The same effects of the 'average household size' and the 'number 319 of households' are also anticipated as generated by the model based on the historical record. 320
Analysis of the results of the 'Behavioral Change' Scenario 322
The total household carbon emission is shown in Figure 12 for the behavioral change effect 323 in comparison with the baseline scenario. Table 3 Table 4  356 357 Martis (2006) suggest that models should be adequately evaluated against the criteria of: 358 logical structure, clarity, comprehensiveness, practical relevance, applicability, and 359 intelligibility. A scoring scale attributed for evaluating the criteria is shown in Table 5 and the  360 evaluation results are shown in Table 6 . 361 362 Insert Table 5  363 Insert Table 6  364   365 The logical structure assesses the model consistency with the properties of the real system. 366
The mean score of 4.07 (which is above average) indicates that the model has an acceptable 367 logical structure to mimic the real system. The respondents also agree that the model has 368 enough clarity and practical relevance on issues relating to energy consumption and carbon 369 emissions with a mean score of 4.2 for both criteria. A mean score of 4.00 was given to the 370 model comprehensiveness which shows that the model captures the important variables that 371 influence energy and carbon emissions and is capable to address the problem under study. 372
With the assumptions made for the current version of this model, a mean score of 3.87 and 373 3.73 were given to Applicability and intelligibility of the model. While they are still above 374 average, the relatively low scores can be improved by further development of the model to 375 deal with these assumptions. This was clearly addressed in the feedback through highlighting 376 few exogenous variables to be considered endogenous, and through expanding the model 377 boundary to include other excluded variables. Their feedback was recorded for further data 378 collection and modeling. 379
380
The evaluation also aims to validate the SD model by conducting a number of structure-381 oriented tests (e.g. dimensional consistency, parameter assessment, boundary adequacy, 382 structure assessment, integration error, and extreme conditions). There are also a number of 383 behavior pattern tests (e.g. family member, surprise behavior, behavior reproduction, 384 behavior anomaly, system improvement, and sensitivity analysis). Sterman (2000) concluded 385 that a model is behaviorally validated if its results show similarity with the behavior patterns 386 of the real system. Due to space limitation, one test of each group will be presented in this 387
paper. The full details of model evaluation can be found elsewhere; Oladokun (2014) . occupants' behavior based on: Humidex value for different degrees of comfort, the 414 'probability of putting on clothing' and the 'probability of window opening' within the 415 dwelling, and occupants metabolic build-up. Further work is underway to consider other 416 occupants' behavior variables such as: "occupants' social class influence" and "occupants' 417 cultural influence" which are currently assumed exogenously variables for this model. 802  803  804  805  806  807  808  809  810  811  812  813  814  815  816  817  818  819  820  821  822  823  824  825  826  827  828  829  830  831  832  833   40   30   20   10   0   2  2  2  2  2  2  2  2  2  2  2  2  2 
